Normally the limb is first worn ten days after amputation. Some three or four days after amputation the patient is taught to stand on the good leg using a Zimmer walking frame. The hips and the remaining leg are exercised. As soon as the early walking aid is fitted the patient is given increasing daily walks and on the fourteenth or fifteenth day is taught to go upstairs. Occupational therapists help by exercising the stump on a cycle with special bucket fixed to the pedal. The balance is improved also by standing and using a printing machine and amputees are also taught to put on and take off their early walking aid and how to get in and out of the bath and on to buses. It will be noted that there is no ischial weight-bearing in the early walking aid but this does not seem to hamper the patients in obtaining independence.
Geriatric From the foregoing it will be seen that the rapid rehabilitation of geriatric amputees is essential not only for their well-being but also for the urgency of their situation. The principle of early walking of geriatric amputees is part of complete treatment and should not be considered as a separate entity: it is the surgeon's responsibility to see that his patients walk after amputation and that they walk early.
There is nothing complicated about the early walking aid. Throughout it has been made by an orthopeedic technician and fitted by a senior physiotherapist who is the most suitable person to undertake this programme.
Perhaps the most important aspect is to be able to break with the traditions of the past and to conceive rehabilitation as one part of treatment. Instant post-operative fitting (IPOF) is an excellent system. Perhaps it will become the treatment of choice provided that it is proved to be better than early post-operative fitting; for geriatric amputees this decision cannot yet be made. However, it is not yet possible for all hospitals to take advantage of IPOF because it is essential to have a limb-fitting centre near at hand. All that is needed to get an elderly amputee independent is a physiotherapist and an early walking aid. Work is at the moment progressing on pre-packing an 'instant' early walking aid so that it may be kept on a shelf and easily adjusted and applied to any geriatric amputee who must find it equally easy to use. Several studies have been reported in which the strength of healing fractures was measured by bending the healing bone and noting the point of failure (Lindsay & Howes 1931 , McKeown et al. 1932 , Copp & Greenberg 1945 , Wray & Goodman 1963 , Lettin 1965 . It has been a common finding in these reports that the strength of a bone in different animals of the same species after apparently similar fractures and after the lapse of the same period of time has been widely different.
In an attempt to reduce the discrepancies observed when the gross strength of a bone was measured Falkenberg (1961) , in performing tensile tests on healing fractures in the rabbit's radius, expressed the results both as breaking loads and as tensile stresses (loads per unit cross-sectional area of callus). Unfortunately, even the correction from strength to stress did not noticeably reduce the scatter in the results. So far as we are aware, only one study has been reported on the stiffness as well as the strength of healing fractures, that of Lettin (1965) . He reported that, contrary to the findings when strength was considered, the stiffness of a particular healing fracture was consistent within a group tested after the lapse of a certain period of time. This was a most encouraging finding since it suggested that some mechanical parameter, namely stiffness, could be used to characterize functional normality in a healing fracture and hence to measure departures from normal following a variety of experimental procedures.
This paper reports observations made on a series of experimental fractures in which measurements of breaking strength and stiffness in bending have been carried out in relation to two variables: surgical interference with the fracture site, and time elapsed since fracture.
Method
Adult male New Zealand White rabbits of at least 3 kg weight were used. Under intravenous Nembutal anesthesia, after shaving the skin and painting it with iodine, the subcutaneous border of the middle third of the right radius was exposed. The radius was selected because it is adequately splinted by the ulna (there is no pronation/ supination in the rabbit's forearm) and thus the problems of immobilization need not be considered. The radius was divided at the insertion of the pronator teres tendon using a laterally cutting dental burr.
The animals were divided into three experimental groups. In the control group, no implant was inserted. The second group had intramedullary wires passed into each fragment from the fracture site with no periosteal stripping beyond that necessarily associated with the osteotomy. The third group had plates and screws applied, The problem of cross-union to the ulna was considered early in the experiment and a series was done using a sheet of polytetrafluorethylene interposed between the radius and the ulna. In none of these was union of the fracture achieved after five weeks and therefore this technique was abandoned.
Post-operatively, all the animals were allowed free in their cages and maintained on a standard diet. At selected periods from five to ten weeks the rabbits were sacrificed and both radii were removed, with careful excision of all soft tissue including periosteum. The ulna was nibbled away at the site of cross-union as in Falkenberg' The procedure adopted involves the implicit assumption that the two radii from any one animal, if tested without previous interference, would show the same strength and the same stiffness. This assumption was checked experimentally by testing nineteen pairs of bones. For each pair, the difference between the two strengths was expressed as a percentage of the mean of the two strengths. For all pairs, the mean of these percentages was 5-7 %, with a standard deviation of 5 6 %. The corresponding figures for the stiffnesses were 51 % and 5 4%. It is clear that these two sources of error could not materially have influenced the distributions of experimental points in Figs 4, 5 and 6.
Results at five weeks (Fig 4) : First, as already noted, there was no significant difference between the three groups (no implant, intramedullary wire, plate and screws). Thus the different modes of interference with the blood supply associated with the two types of implant appear to have had no observable effect on the return of strength and stiffness.
Secondly, both strength and stiffness ratios vary widely; the latter finding differs from that of Lettin (1965) .
Thirdly, the gradient of the line in Fig 4 is 0- line (r=0-92) means that, for virtually every pair of bones represented, the stiffness had approached that of the intact bone more nearly than had the strength.
+MEAN
Fourthly, it should be noted that there are not two clearly separate groups within any one type kN of fracture -those in which union has failed and those in which union has succeeded. On the contrary, there is a continuous scatter over the entire range; therefore it follows that healing had occurred at widely differi_iates throughout a spectrum from rapid progression to union on the one hand to non-union on the other. These ONTROLS 10 WEEKS * results emphasize the arbitrary nature of the ONTROLS 9 WEEKS v terms 'non-union' and 'time to union'. Several fractured bones were stiffer than the intact bone from the contralateral limb so that the mean stiffness ratios are slightly greater than unity. The mean strength ratios, however, are still less than unity.
Variation of results with time (Fig 6) : In spite of the large scatter, the improvement in both strength and stiffness, as time elapses after fracture, is evident, as is the consistently more rapid increase of stiffness than of strength. This last observation might suggest that fracture healing is a selfregulating mechanism governed by signals dependent on deflections occurring in healing bone.
A natural expectation would be that ultimately both the stiffness ratio and the strength ratio should return to unity; further work is in hand to investigate this.
Conclusions
(1) A satisfactory method has been developed for measuring the return of function, i.e. the return of strength and of stiffness, in healing experimental fractures. This method has been applied to the study of healing after surgically produced fracture of the rabbit's radius.
(2) The surgical interference necessitated by the implantation of onlay plates and screws or of intramedullary nails did not impair the recovery of strength and stiffness as measured at five weeks.
(3) Five weeks after fracture, both the strength and the stiffness of the rabbits' radii varied widely from bone to bone but not independently of each other.
(4) As the rabbits' radii healed, stiffness returned more rapidly than strength.
(5) These observations suggest the possibility that the process of fracture union is regulated by the stiffness of the healing bone. The injury usually occurred in the adolescent and the young adult and 31 of the patients were less than 25 years old. The mechanism of injury which produced these fractures was usually a motor-cyle or scooter accident (36 patients) but 7 were pedestrians who were knocked down by a moving vehicle. In the first instance, the fractures of the femur and tibia were treated conservatively using skeletal traction. Compound wounds were excised but internal fixation was never employed on the same day as the injury, though often used later when primary wound healing had been obtained. The definitive treatment of these complicated cases is summarized in Table 1 . 
